Abstract. The number of elderly patients who receive surgical treatment for rectal cancer has gradually increased with aging of the population. In recent years, preoperative chemoradiotherapy, followed by surgical treatment, has been widely used for treating patients with locally advanced rectal adenocarcinoma. The aim of the present study was to evaluate if preoperative chemoradiotherapy is efficacious and safe for the treatment of rectal cancer in patients older than 80 years.
Introduction
Colorectal cancer is the third most common malignancy and a leading cause of cancer-related deaths worldwide (1) . Along with an aging of the population, the number of elderly patients who receive surgical treatment for colorectal cancer has gradually increased. The median age at diagnosis of colorectal cancer is 69-72 years, with 60-70% of all cases diagnosed in patients over the age of 65 (2) . Approximately, 17.5% of colorectal cancer patients are diagnosed when they are over 80 years old (1) . Unfortunately, most elderly patients have comorbidities, such as cardiovascular or pulmonary diseases, and reduced functional reserve, which may increase their risks of postoperative morbidity and mortality and subsequently influence the treatment choice (e.g., avoiding curative resection).
In recent years, preoperative chemoradiotherapy (CRT) with fluorouracil-based chemotherapy and at least 45.0 Gy of pelvic radiation, followed by surgical treatment, has been widely used for treating patients with resectable locally advanced rectal adenocarcinoma, because this approach facilitates tumor downstaging, increases sphincter preservation, and decreases locoregional recurrence (3) (4) (5) . Most studies have used cutoff ages of 60 or 70 years old; therefore, few studies with elderly patients over 80 years, which occupy one sixth of colorectal cancer patients, have been published. The safety and effectiveness of preoperative CRT in octogenarians with locally advanced rectal cancer has not been determined.
The purpose of this study was to evaluate if preoperative CRT is efficacious and safe for the treatment of locally advanced rectal cancer in patients older than 80 years.
Materials and methods
Patients and methods. From 2007 to 2017, a total of 293 patients with histologically confirmed non-metastatic, primary adenocarcinoma of the lower rectum below the peritoneal reflection invading further than the muscularis propria (cT3-T4, any N), who received preoperative CRT, were studied retrospectively at the University of Tokyo Hospital. All patients, except those with obstruction, received a total colonoscopy with a biopsy. All patients were preoperatively evaluated with thoracic and abdominal computed tomography, pelvic magnetic resonance imaging (MRI) and positron emission tomography, if needed. Patients who received prior chemotherapy for rectal cancer or any prior pelvic irradiation, patients with inflammatory bowel disease, patients with a history of malignant disease within five years of diagnosis with rectal cancer and patients who received palliative CRT were excluded from this study. The study was conducted in accordance with the ethical guidelines of the Declaration of Helsinki and approved by the Ethics Committee of the University of Tokyo [no.3252-(7)].
Preoperative CRT. Radiotherapy (RT) was administered five times per week with a daily fraction of 1.8 Gy. A total dose of 50.4 Gy was delivered with photons using a 10 MV X-ray accelerator in 28 fractions over the course of 5.6 weeks, using a 3-or 4-field technique. Preoperative chemotherapy was started simultaneously with RT. Patients received 5-fluorouracil-based chemotherapy. Surgery, including total mesorectal excision or tumor-specific mesorectal excision techniques, was performed 6 to 8 weeks after the completion of CRT. Lateral pelvic lymph node dissection was selectively performed in cases suspected of lateral pelvic lymph node metastasis in the preoperative MRI before CRT regardless of its response to CRT. In this study, lymph nodes with diameter of 8 mm or larger in MRI were considered as suspect of metastasis. No short-course RT was performed in the study period.
Study assessments. We investigated comorbidities, short-term outcomes (i.e., adverse events during CRT, curative resection rate, pathological complete response (pCR), morbidity, and mortality), and long-term outcomes (i.e., recurrence rate and site) in elderly (≥80 years old) and younger patients (<80 years old) and compared the two groups. Robotic surgery was considered as a laparoscopic technique and included in laparoscopic surgery. Curative resection was defined as the macroscopically complete removal of the tumor and lymph nodes with a microscopically tumor-free resection margin and no peritoneal spread or distant metastasis. In laparoscopic surgery, the resected specimen was retrieved from a small incision at the umbilicus port site, which was made according to the tumor size, or from the perineal incision. Conversion of laparoscopic surgery to open surgery was defined as an abdominal incision different from that planned at the start of the operation. The results of examination were classified according to the TNM classification of The International Union Against Cancer (UICC) (6) . Adverse events were evaluated using the National Cancer Institute's Common Terminology Criteria for Adverse Events, version 4.0 (7). The tumor regression grade was determined according to the general rules for clinical and pathological studies on cancer of the colon, rectum, and anus of the Japanese Society for Cancer of the Colon and Rectum (8) . pCR (grade 3) was defined as the absence of viable cancer cells in the primary tumor and lymph nodes. Other grades were defined as: i) grade 1a, less than one third of the cancer had degraded, necrotized, or disappeared; ii) grade 1b, from one third to two thirds of the cancer had degraded; and iii) grade 2, more than two thirds of the cancer had degraded. Patients were discharged when they had sufficient oral intake, no complications or well-controlled complications, and no excessive anxiety about leaving the hospital. Short-term morbidity and mortality was defined as 30-day or in-hospital morbidity and mortality according to the Clavien-Dindo classification. As follow-up, a blood test was performed every three months after the surgery, and computed tomography of the pelvis combined with imaging of the liver and the chest was performed every six months after the surgery. Recurrence was defined as the presence of locoregional recurrence, the presence of distant metastases, or death from colorectal cancer.
Statistical analysis. For categorical variables, data were presented as frequencies and percentage, and Fisher's exact probability test was applied to evaluate the significance of differences in proportions. Continuous variables such as 'Days hospitalized after surgery' shown as median were estimated using the Mann-Whitney U test. Differences in survival between groups were assessed using the log-rank test. Associations were considered significant when P<0.05.
Results
From 2007 to 2017, a total of 293 patients with locally advanced rectal cancer received preoperative CRT. The distribution of age groups is shown in Fig. 1 . The percentage of patients was highest in the 60-69-year-old age group (5.8%). In the group comprised of octogenarians (elderly group) were 17 patients, and the younger group had 276 patients. The oldest patient was 88 years old. In elderly group, four patients did not receive preoperative CRT during the study period.
Patient characteristics and chemotherapy regimens are shown in Table I . The percentage of males in elderly and younger groups was 29 and 67%, respectively (P= 0.003). There was no statistical difference between the two groups regarding comorbidities. Nearly 60% of the patients in the elderly group presented with comorbidities; pulmonary comorbidity was the most common one in that group (23.5%). We found a statistically significant difference between elderly and younger groups in preoperative therapy. Elderly patients were more likely to receive RT due to their age (P=0.0008). In the younger group, only five patients (1.8%) received RT because of patient selection, renal dysfunction, or liver dysfunction in two, two, and one patient, respectively. The following regimens were employed as chemotherapy: Oral tegafur-uracil and leucovorin (n=245), oral S-1 (n=10), oral tegafur-uracil and leucovorin with intravenous irinotecan (n=24) and oral S-1 with intravenous oxaliplatin (n=5) (9) . There was no statistical difference between the two groups regarding the distance of the tumor from the anal verge and clinical stage.
Adverse events during CRT are shown in Table II . There was no statistical difference between the two groups related to the rate of completeness of CRT (P=0.26). Adverse events occurred in 88.2% of the elderly group including grade 1-3, but there was no significant difference between the two groups (P= 0.17). Diarrhea was the most common side effect in the elderly group (seven cases). Pneumonia occurred in three patients in this study. Grade 3 adverse events occurred in three patients of the elderly group (diarrhea in two, pneumonia in one) and in five patients of the younger group (diarrhea in three, radiation dermatitis in one, proctitis in one). No death during preoperative CRT occurred in either group.
The surgical procedures performed are shown in Table III . Curative resection was performed in fourteen patients (82.4%) in the elderly group and no treatment was performed in the remaining three patients because of poor general condition. On the other hand, curative resection was performed in 91.3% of the patients in the younger group and non-curative treatment or no treatment was performed in twenty-four patients, because of refusal of resection by seven patients, and poor general condition in four patients, and various reasons in the remaining 13 patients. The curative resection rate was similar between the two groups (P=0.20). The general condition after CRT was worse in the elderly group than in the younger group; the rate of poor general condition in elderly group was significantly higher than that in younger patients (P=0.005). In total seven patients from both groups could not receive curative resection due to poor general condition during or after CRT, four patients (three in the younger and one in the elderly group) had decreased lower respiratory function due to pneumonia in three patients and Chronic obstructive pulmonary disease (COPD) in one, and one patient each suffered from severe appetite loss or fatigue. Laparoscopic surgery was a preferred procedure in the elderly group (P=0.052). No conversion to open surgery was required in either group. Lateral lymph node dissection was performed in 39 patients in the younger group, but in none of the patients in the elderly group (P= 0.23). The rate of diverting stoma construction was similar in both groups (P=0.39). The closure ratio of diverting stoma was not statistically different between elderly and younger groups (66.7% vs. 62.0%, P=0.55).
Postoperative course is shown in Table IV . We observed pCR in one patient (7.1%) in the elderly group and in 27 patients (10.7%) in the younger group (P=0.20). There was no statistical difference between the two groups regarding pathological stage. The morbidity rate, higher than Clavien-Dindo classification grade 2, was similar in elderly and younger groups (35.7% vs. 27.0%, respectively, P=0.54); the mortality rate after surgery was zero in both groups. Patients in the elderly group were associated with a longer hospital stay compared to the younger group (23.5 days vs. 19 days, respectively, P=0.07), because patients were discharged when they had no excessive anxiety about leaving the hospital. Adjuvant chemotherapy was given to three patients in the elderly group. Two patients received tegafur-uracil/leucovorin and one 37.3%, P= 0.12). No significant difference was found in the recurrence rate between the two groups (P=1.00). Three patients in the elderly group, and 60 patients in the younger group developed recurrences including lymph node metastases outside the pelvis. Among the 3 cases of the elderly group, one recurred with lung metastasis and lymph node metastasis outside the pelvis, one had lung metastasis, and one had lymph node metastasis outside the pelvis. Among the 60 cases of the younger group, 10 recurred with lymph node metastases, and 7 of them were outside the pelvis.
Discussion
In a previous German randomized study, 92% of patients aged ≤76 years received the prescribed RT and 89% completed preoperative CRT (10) . In our study, 88.2% of elderly patients received the complete dose of preoperative CRT, which is comparable to that from the previous study. A recent American retrospective study showed that 5% of patients aged ≤68 years received incomplete doses of radiation in neoadjuvant CRT (3) . In that study, Freischlag et al (3) also revealed that female patients, patients who received preoperative therapy and surgery at different facilities, and patients without insurance were less likely to complete preoperative therap. In our study, all patients had national health insurance and received preoperative CRT and surgery at the same hospital. Although there was a larger percentage of female patients in the elderly rectal cancer group, the complete rate of preoperative CRT was not significantly different between the two groups. In our study, octogenarians were more likely to receive RT due to their age (P= 0.0008). Cai et al (11) revealed that grade 3 toxicities (diarrhea, skin toxicity, and neutropenia) occurred more often in elderly rectal cancer patients (≥70 years old) treated with CRT compared to those treated Figure 1 . Number of patients with rectal cancer treated with chemoradiotherapy by age group (n=293). In the octogenarian (elderly) group were 17 patients (5.8%).
with RT. Guimas et al (12) , noted an increase in morbidity with the addition of oxaliplatin to standard CRT, and Margalit et al (13) , demonstrated that treatment intensification should be performed with care in elderly rectal cancer patients (≥70 years old) treated with preoperative CRT or RT, because the majority of elderly patients required early termination of treatment, treatment interruptions, or dose reductions. On the other hand, several studies showed that neoadjuvant CRT in elderly rectal cancer patients was a well-tolerated treatment without any significant increase in acute and late toxicities (14) (15) (16) (17) . In the present study, there was no statistical difference between elderly and younger groups related to the result of neither CRT nor the adverse event during CRT. Therefore, although the majority of elderly patients could safely undergo preoperative treatment consisting of RT combined with oral tegafur-uracil and leucovorin, we need to carefully select the elderly rectal cancer patients when adding oxaliplatin or irinotecan to standard CRT. Pneumonia was one of the risk factors that precluded safe performance of treatment (preoperative CRT or curative surgical procedure after CRT) in our study. Inoue et al (18) , reported comparably high rates of postoperative complications in patients with pulmonary comorbidities. Furthermore, Baré et al (19) , demonstrated that COPD was associated with higher rates of postoperative complications, antibiotic treatment, and mortality during hospitalization, and that patients with underlying COPD had a higher rate of postoperative infectious complications, such as septic shock, pneumonia, and other respiratory tract infections, compared to those without COPD. In a previous study, we reported two elderly patients aged ≥80 years with colorectal cancer who underwent curative surgical resection died in the postoperative period due to pneumonia (20) . Thus, to reduce pulmonary morbidity and mortality in elderly rectal cancer patients with comorbidities, intensive perioperative chest physiotherapy should be recommended. Further study is needed to implement the ideal prevention strategy for postoperative respiratory complications in elderly patients with locally advanced rectal cancer and comorbidities.
Previously, we demonstrated that laparoscopic surgery in elderly patients (octogenarians) with colorectal cancer is a safe and less invasive alternative to open surgery, with less blood loss and a shorter hospital stay (20) . Several other studies also reported the safety and feasibility of laparoscopic surgery in elderly patients with colorectal cancer (21) (22) (23) . However, the safety and effectiveness of laparoscopic surgery is not clear in both octogenarians and younger patients with rectal cancer treated with preoperative CRT (24) (25) (26) (27) (28) . Further study is needed to confirm the safety and effectiveness of laparoscopic surgery for the treatment of locally advanced rectal cancer in elderly patients.
The rates of diverting stoma construction and closure were similar in elderly and younger groups in this study. According to large scale studies, 12-40% of defunctioning stomas are never reversed for many reasons, such as cancer recurrence, anastomosis site-related complications, poor general conditions, and unsatisfactory rectal functions (29) . Previous studies demonstrated that neoadjuvant CRT is an independent risk factor for stoma non-reversal (30, 31) . We also reported on the closure rate of diverting stoma and risk factor of stoma non-reversal after low anterior resection using a nomogram (32); one of the risk factors of stoma non-reversal was preoperative CRT, but not the patient's age. Kim et al (29) , also did not identify older age as a risk factor for stoma non-reversal. Therefore, when planning rectal surgery involving a temporary stoma for elderly patients with rectal cancer treated by preoperative CRT, surgeons should consider the possibility that stoma non-reversal may be caused by preoperative CRT, not by patient's age. In conclusion, the present study has some limitations. First, this study was not a large-scale multicenter randomized trial, but a retrospective study conducted at a single institute. Second, selection bias remains a concern. There is the possibility that some elderly patients with locally advanced rectal cancer did not receive preoperative CRT nor surgical treatment. However, beside these limitations, our current data still provide support to the concept that preoperative CRT can be performed with tolerable adverse events, completeness of CRT, and acceptable morbidity and mortality rates in elderly patients with locally advanced rectal cancer. 
